Knowledge on the epidemiology of hepatitis C virus (HCV) has implicit significance for the diagnosis, duration and treatment response of infected patients, as some genotypes are more responsive to therapy than others. In this paper, an examination of the possible association of hepatitis C virus (HCV) genotypes with demographic and risk factors for transmission was described. The study utilized routinely collected data of all persons diagnosed with HCV in Scotland and multivariate logistic regression was used to analyze genetic variability. The genotype variation was roughly distributed among genotypes 1 (45.6%) and 3 (47.9%), though genotype 2 (5.6%) and 'other' genotypes (0.89%) were also present. Furthermore, age less than 34 years, year of diagnosis between 2004 and 2008, Greater Glasgow and Clyde, Grampian, Lanarkshire and Lothian Health boards were sufficient to predict HCV status in Scotland, with Injecting Drug Use (IDU) behaviour being the most prevalent risk factor. These results will assist in the management of HCV infection in Scotland.
INTRODUCTION
Hepatitis C Virus (HCV) is a notable public health challenge. Globally, the prevalence rate is reported to be 2 to 3%, with 3-4 million newly infected cases worldwide, and an estimated 130 -150 million individuals are infected with chronic HCV (Averhoff et al., 2012; Perz et al., 2006; WHO, 2015) . The virus belongs to the family of single-stranded RNA viruses of the Flaviviridae family and is the sole member of the Hepacivirus genus (Ansaldi et al., 2014; Smith et al., 2016) . At least, seven genotypes (1 to 7) and roughly 84 subtypes (Smith et al., 2014) have been identified. Individuals infected with HCV virus at the acute phase have no obvious symptoms and 15 to 20% spontaneously recover. Nonetheless, nearly 65 to 80% of infected individuals become chronically infected with the possibility of developing acute liver diseases like cirrhosis and hepatocellular carcinoma (HCC) (Davis and Lau, 1997; Lauer and Walker 2001; Seeff, 2002; Jauncey et al., 2004) . HCV is the prime cause of hepatic transplantation in liver failure patients in the USA and several Western nations (Bhamidimarri et al., 2017) , accounting for 700 000 mortalities per annum, resulting from decompensated cirrhosis or hepatocellular carcinoma (Kanwal et al., 2011; Beste et al., 2015;  *Corresponding author. E-mail: inyinoh@bsum.edu.ng.
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The burden of infection of HCV in the West is established to differ across regions and nations, and is predominantly acquired through serologic surveys from the populace (Averhoff et al., 2012) . The highest rate of HCV infection worldwide is in Egypt, estimated at >10%. Similarly, in the United States, like in Australia and other Western European countries, the burden is less, (<2%) (Alter, 2007; Sievert et al., 2011) . On the contrary, in Eastern European countries, Latin America, former Soviet Union, certain African countries, Middle East and South Asia, the infection rates are ≥3% (Kershenobich et al., 2011; Qureshi et al., 2010; Madhava et al., 2002; Shepherd et al., 2005) .
In advanced countries, injecting drug use (IDU) accounts for the majority of HCV infections (Alter, 2007; Williams et al., 2011) . In less developed countries, although IDU is also known to transmit HCV, healthcare-associated practices such as unsafe injections account for the majority of HCV transmission (Alter, 2007; Hauri et al., 2004; Prati, 2006) . Across the globe, China tops the countries with the highest numbers of estimated HCV associated IDU infections (Nelson et al., 2011) , greater than all of Europe or America (Sievert et al., 2011) , while in Western European countries such as Scotland, the high occurrence of IDUs, account for the high proportion of individuals living with HCV in the country. Accordingly, 85 to 90% of all individuals that tested positive to HCV in Scotland have injected drugs (Hutchinson et al., 2006 ). As at 2006, an estimated one percent of the Scottish population (50 000 persons) were known to be infected (Hutchinson et al., 2006; Roy et al., 2007) , whereas it is at least 200 000 cases in UK from 1986 to 2001 (Balogun et al., 2009) .
Besides collecting epidemiological information, HCV genotyping and serotyping have clinical implications, and viral genotypes have been identified to predict therapeutic response to antiviral therapy assessed as the level at which HCV RNA is undetected following 24 weeks of treatment (Toyoda et al., 2017; Yee et al., 2015) . In addition, the length of time to treat for, and the choice of antiviral agents to initiate are also dependent on genotype (Josephson F, Swedish Consensus Group 2016 , Lagging et al., 2001 Yasin et al., 2011) . Therefore, the knowledge on HCV infecting genotype is essential in tailoring treatment regimen. The aim of this study was to examine possible associations of hepatitis C virus genotypes with demographic characteristics and risk factors (for transmission) of any individual diagnosed with hepatitis C in Scotland.
MATERIALS AND METHODS
Epidemiological and demographic data of all diagnosed population of HCV in Scotland were electronically obtained and collected from the database of Health Protection Scotland (HPS). Data stored on the National Hepatitis C Diagnoses database is expected to be representative of the study population taking into account, the fact that all the health board areas in Scotland are represented. The database was established in affiliation with microbiological laboratories and hospitals across Scotland (Shaw et al., 2003) . From the information held on the database, only the genotypes, age group, gender, health board of residence, risk information, year of diagnosis and vital status were extracted for statistical analysis in this study. Information stored in the database has already been anonymised to ensure patient confidentiality and ethical approval for this study was obtained from the University of Glasgow Ethics Committee.
Transformation of the data prior to statistical analysis
In order to arrive at groups of sufficient size for the purpose of statistical analysis, additional groups were either created from the dataset or existing variables were collapsed. For instance, genotypes 4 and 5 were regrouped as 'others' while those patients for which genotyping was not carried out were classified as not known. Data on health board area of residence was reordered representing the geographical regions in Scotland such that the North was composed of Highland, Western Isles, Orkney and Shetland; the South was composed of Dumfries and Galloway, Borders, Ayrshire and Arran; and Central Scotland was now made up of Forth valley and Fife. Information on risk factor was broken down into injecting drug use, blood products (comprising of blood haemophiliacs and blood transfusion), and not known (NK) consisting of information from unconfirmed sources such as transmission sexually by contact with an IDU or a partner infected with HCV, tattoo/body piercing, needle stick, bite, blood spillage and perinatal risk. Individuals whose area of residence were not known, the health board area from where the individual's specimen was obtained was recorded and this occurred especially for prison convicts. A matching process was used in identification via the use of forename initial, Soundex code of surname, date of birth and gender in order to prevent duplication of records.
Statistical analysis
All analysis for this study was carried out using SPSS for Windows XP. Summary measures were utilized to describe the characteristics of the study population. Since the data are categorical, Pearson chi-square (X 2 ) test was used to test for association between genotype and all the other factors listed, with the significance level set at P <0.05. Clustered bar charts were used to show the pictorial representation of the main response variable and other explanatory variables. Furthermore, a multivariate analysis using binary stepwise logistic regression in SPSS was carried out in order to compare HCV genotypes in HCV diagnosed individuals in Scotland by covariates. The multivariate analysis was carried out using a backward stepwise method.
RESULTS
A total of 24419 records were held on the National Hepatitis C Diagnoses Database as at June 30, 2008. Of the HCV diagnosed population held on the National Hepatitis C Diagnoses Database, 73.6% had no information on genotype and were excluded from all the analyses performed. The characteristics of the study population according to genotype are shown in Supplementary Table 1 .
Results obtained indicate that in the study population, the genotype is roughly distributed equally into genotypes 1 and 3 ( Figure 1 ). By gender, 44.1% of females with a known genotype were genotype 1, in comparison with 46.2% among males. For genotype 2, 5.9% were females in comparison with 5.5% males. In addition, 47.9% had a genotype of 3; 48.4% of that were females and 47.7% were males. For the 'other' category, there were 0.9% cases of which 1.6% were females and 0.6% males. Figure 1 shows the distribution of gender and HCV genotype. Pearson X 2 test comparing these distributions found a statistically significant difference between males and females diagnosed with hepatitis C based on genotype alone (X 2 = 16.198, P < 0.001).
Next, the distribution of HCV diagnosed population by age group and reported risk information was evaluated. As shown in Figure 2 , the 25-34 age group had a greater number of HCV diagnosed cases (42.7%), followed by the 35-59 (34.0%) and the 15-24 age groups (18.2%). The age groups with the least number of cases were the 60+ age group (3.3%) and the <15 age group (0.5%). Furthermore, 1.4% of cases had no known age group and was excluded from analyses. The number of injectors in the 25-34 groups was almost twice as much a s that found in the other groups and Pearson χ 2 found a highly statistically significant difference (χ 2 = 3132.375, P<0.001). Data also revealed that the reported risk information for HCV were: IDU (59.0%), blood products (2.9%), not known (33.8%) and 'others' (4.4%) (Figure 3) . A high proportion of genotype 1 (58.0%) was found among blood products ( which comprise o f haemophiliacs and blood transfusions) followed by 32.4% of genotype 3, 7.1% of genotype 2 and 6.0% of 'others' modes of transmission. This distribution was found to differ from the other reported risk information all of which were similar to the distribution of the other genotypes. 48.7% of the diagnosed HCV positive individuals that have ever injected drugs were infected with genotype 3, when compared with 46.1% infected with genotype 1. For the 'other' group, genotype 3 was more prevalent, 51.7% in comparison with 38.0% of genotype 1. Pearson χ 2 test was also found to be significant (χ 2 = 82.379, P< 0.001). An assessment of infecting HCV genotype by year of diagnosis was also performed. Data revealed that for genotype 1, the percentage of diagnosed cases fluctuated by year of diagnosis, though there was a steady increase in the diagnoses made for all the other genotypes. Of the diagnosed cases that had a genotype test, 50.2% of genotype 1 were identified in the period between 1994 and 1998, whereas there were more cases of genotype 2, 8. The question, what percentage of the diagnosed HCV population is dead? was asked. This was categorised by vital status. As indicated in Figure 5 , the numbers of HCV diagnosed individuals who are not dead were 86.3%, and far outnumber those who are known to be dead (13.3%).
A logistic regression model was set up to identify parameters that are independently associated with HCV genotype. The results for the binary logistic regression model are displayed (Table 1) . From the univariate analysis, all the factors were significantly associated with genotype and were therefore included in the model while in the multivariate analysis, gender, age group and vital status did not contribute significantly to the model and were therefore excluded.
Further results identified that in the univariate analysis, women were more likely to be diagnosed with HCV genotypes 2 and 3 than men (odds ratio-OR: 1.232, 95% CI 1.122-1.352, P<0.001). Furthermore, infecting genotype was not influenced by sex, thus P >0.05 for both males and females. Patients in the 25-34 years age group (unadjusted OR: 1.194, 95% CI 1.031-1.382, P=0.018) and the 35-59 years age group (unadjusted OR: 1.162, 95% CI 1.005-1.343, P=0.043) exhibited a high and statistically significant risk of been diagnosed with HCV 2 and 3 rather than genotype 1 in relation to the <15 and >60 age groups, whereas individuals in the greater than 60 years age group were less likely to be diagnosed with genotype 1 as compared to genotypes 2 and 3, and this result was not statistically significant (OR: 1.296, 95%CI 0.904-1.858, Results are considered as statistically significant at 5% level.
P=0.158).
All the health boards of residence posed a great risk of acquiring HCV. However patients residing in the Grampian HB had a lower odds of been diagnosed with genotype 1 than genotypes 2 and 3 (unadjusted OR: 0.565, 95% CI 0.467-0.683, P<0.001; Adjusted OR: 0.552, 0.456-0.667, P<0.001). There are higher odds and a statistically significant association between genotypes 2 and 3 and patients residing in Lanarkshire (unadjusted OR: 1.378, 95%CI 1.136-1.671, P<0.001; Adjusted OR: 1.373, 95%CI 1.131-1.667, P<0.001), while there is a significant association between genotype 1 and patients residing in Lothian (unadjusted OR: 0.748, 95%, P<0.001; adjusted OR: 0.734, P<0.001) . In Tayside, there was no statistically significant association and patients were more likely to be infected with genotypes 2 and 3 than 1 (unadjusted OR: 1.000, 95% CI 0.773-1.295; adjusted OR 1.030, 95% CI 0.791 -1.341, P value = 0.828). There were increased odds for patients residing in the rest of Scotland to be diagnosed with genotypes 2 and 3 than 1. This result was statistically significant in the univariate analysis (unadjusted OR: 1.141, 95%CI
1.005-1.297, P=0.042) but was not significant when adjusted for confounders in the multivariate analysis (adjusted OR: 1.127, 95% CI 0.991-1.283, P=0.069).
Both IDU and blood products carried a significant risk of anti-positive HCV status in the population. However, the lowest odds was found among the blood products and there was a significant association for patients who reported blood products as risk information and genotype 1 (unadjusted OR: 0.681, 95% CI 0.524-0.885, P=0.004; Adjusted OR: 0.584, 95% CI 0.444-0.769, P<0.001). Patients whose risk information was not known were significantly more likely to be infected with genotypes 2 and 3 than genotype 1 (unadjusted OR: 1.198, 95% CI 1.107-1.297, P<0.001), whereas in the multivariate analysis, the result was not statistically significant (adjusted OR: 0.970, 95% CI 0.869-1.083, P=0.589). There was however increased odds of been infected with genotypes 2 and 3 in patients who belonged to the 'other' risk category (unadjusted OR: 1.547, 95%CI 1.258-1.903, P <0.001; adjusted OR: 1.274, 95% CI 1.021-1.589, P= 0.032). Patients who were known to be dead were significantly more likely to have been diagnosed with genotypes 1 than 2 and 3 (unadjusted OR: 1.220, 95% CI 1.005-1.481, P=0.044). There was a statistically significant association for patients diagnosed with HCV between 2004 and 2008, to be infected with genotypes 2 and 3 than genotype 1 (unadjusted OR: 1.363, 95%CI 1.254-1.480, P=0.002; adjusted OR: 1.255, 95% CI 1.085-1.451, P=0.002).
These factors, age less than 34, IDU behaviour and blood products, year of diagnosis 2004-2008 and the Greater Glasgow and Clyde, Grampian, Lanarkshire and Lothian health boards were sufficient to predict HCV status.
DISCUSSION
In this report, the description of the epidemiology of HCV in Scotland with respect to demographic characteristics and risk factors was carried out. The results obtained showed the most prevalent HCV genotypes as 1 and 3, and this distribution is found to be similar to what is obtained in Europe (Messina et al., 2015; Petruzziello et al., 2016) . Data obtained from the Scottish population also revealed a complete absence of genotype 6, which was not surprising as this genotype is restricted to South China and Southeast Asia (Thong et al., 2014; Bunchorntavakul et al., 2013) . However, genotype 6 has been identified to have a very low prevalence (0.1%) in Central and Western Europe (Petruzziello et al., 2016) .
The percentage of HCV diagnosed males in the Scottish population is twice as much as that for females (Supplementary Table 1 ) but from the general population, it appears that there are more females to males. This difference could be as a result of more males indulging in risky behaviours like IDU that are known to transmit HCV. Correspondingly, of the participants that were found to attend the Needle Exchange Surveillance Initiative in 2007, less than 25% were females (HPS, UWS, 2008) . Recent reports from 2008 to 2010 also suggest that only 28% of females attended the Needle Exchange Surveillance Initiative (HPS, UWS, 2012) .
Similarly, although the distribution of HCV genotype is roughly equal among gender, females had a higher proportion (1.6%) of the 'others' genotype in comparison with males. However, this group has been found to be prevalent in the Middle East and Africa, especially, in Egypt; however, there is evidence of spread to several European countries possibly due to the transit of persons from endemic regions and also the movement of injectors (Nguyen and Keeffe 2005; Kamal and Naseer, 2008) .
The distribution of HCV genotypes varies with the age of individuals in the Scottish population. HCV genotype 3 was predominant in young people <34. The strong association of genotype 3 infections with IDU was found in the population. This may be the reason for the age N yin oh 247 dependence considering the fact that IDU is common amongst young adults. The increased prevalence of HCV genotype 3 in IDU has been reported from various countries (Wiessing et al., 2014; Salemovic et al., 2017; Ücbïlek et al., 2016) and this is expected, as Scotland is one of the countries in Western Europe that are battling a drug problem. Most historical infection of HCV infection in the UK was attributed to blood products. Thus genotype 1 particularly, subtype 1a, is found to be associated with hemophiliacs and receipt of blood transfusion (Watson et al., 1996; Harris et al., 1999) . Apparently, IDU is the major source of acquiring HCV in the United Kingdom with an increased likelihood of transmission through sharing of injecting paraphernalia (Balogun et al., 2003; Palmateer et al., 2014) . Tattooing has also been revealed to increase the chances of acquiring HCV and this is more frequent in the community (Carney et al., 2013; Tohme and Holmberg, 2012) . Genotype 1 accounted for 58.0% in the blood products category and this coincides with 53.7% in the 15 years age group where blood products alone accounted for 35.7%. All these occurred in the 1994 diagnosis when Scotland had not introduced the treatment of clotting factor by heat for hemophiliacs, as such, many patients with clotting disorder were at increased risk of contracting HCV (Lowe 1987 ). Furthermore, it is possible that such people have transfused blood or blood products abroad (Patel et al., 2006) . There was a significant decrease in the percentage of people contracting HCV by blood products from 19.8% in 1994 to 1.1% in 2004-2008 . This suggests therefore that genotype 1 is more likely associated with blood products in the Scottish population than any other genotypes. The association between HCV and blood transfusion is likely to diminish with time due to a decreasing number of patients who received transfusion before blood screening and improved diagnostic methods. In comparison with the other genotypes, there is evidence to suggest that genotype 1 is correlated with a higher level of cirrhosis or chronic active hepatitis and this is particularly worrying because a large proportion of this genotype was seen among Scottish HCV diagnosed population (Harris et al., 2007; Dusheiko et al., 1994) . Multivariate analysis revealed a statistically significant risk related to blood transfusion.
Treatment of patients who are chronically infected together with the rollover of preventive programs will assist in the reduction of HCV infection. It is thus essential to continually monitor the genotype distribution of HCV in order to identify drug-resistant genotypes and risk factors for transmission.
CONFLICT OF INTERESTS
The author has not declared any conflict of interests. 
